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(54) SINTERED PERMANENT MAGNET 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve corrosion resistance by making the main phase crystal particle diameters 
of a magnet to be not more than a specified value in the R-Fe-B system sintered permanent magnet with rare 
earth and oxygen of the specified range amounts. 

SOLUTION: In the sintered permanent magnet, composition where R (R is one type or more than two types of rare 
earth elements containing Y) is 28.0-33.0%, B is 0.5-2.0%, O is 0.3-0.7% and a remaining part is Fe at a weight 
percentage is provided, and the sum of the areas of main phase crystal particles whose crystal particle diameters 
are not more than 10yum is not more than 10% against the total area of the magnetic main phase. In the sintered 
permanent magnet, a part of Fe is substituted for one type or more than two types among Nb 0.1-2.0%, Al 0.02- 
2.0%, Co 0.3-5.0%, Ga 0.01-0.5% and Cu 0.01-1.0 or the value of coercive force iHc is made to be not less than 
13.0kOe. Thus, the R-Fe-B system sintered permanent magnet having superior corrosion resistance can be 
obtained without deteriorating a magnetic characteristic. 
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itmm i ] mm&ftmx'R (r^y^^^#-±^^*co 

0 -h<0 1 mXl* 2 «JgJL±)28. 0-33. 0%, B 0. 5-2. 0%, 0 
0. 3-0. 7%, #«Fea>»i««:W U «5±»*&A«C<o« 

[f(t*rS2l Fe(7)-^^Nb 0. 1-2.0%, Al 0.02-2.0 
%, Co 0. 3-5. 0%, Ga 0. 01-0. 5%. Cu 0. 01-1. 0%(O ? 

% i litfi 2«B±-emt5Hi#Ji i (^et^» 

[»#Jg 3 ] i%ffit> \Hc<nm&n. 0k0e^±-C*>S»* 
[OOOl] 

m& <ottttak# H-r & *> co -c *> 5 „ 
[0002] 

[tt*(Oft»] «*a*±a*^«5W«t J -CR-Fe-B*(R 

«R2Fe14BtB(^tB). RFe7B6*@ (Br ichtB) , R85Fe15*g(Rr 

I^^IT, R^e^ttittSSjk^a^rfiSin-CoSRJJtttSJ 
?035»bS,flEJ-3i5*r^^;<O 1 ot^otV^„ R-Fe-B 

Sri?!!^, RrichtBSrfiftaii: L^iBIHl«ffeb^^^**t> 

Sft^d, R-Fe-B^jffittS4*^B£^co*±«l7c*co 
itr«'>t5;fcCJ:oT, ^co^{fc^(DRr ich*B 

M»>t6itlt R-Fe-B*tt»ffl*^«*<o»tttt 
[0 0 0 3] R-Fe-B*Sr$tf«g«S!co*±S*^^ 
h*:»», MIS, Jfcteffi. *DX-*-£*^5»*f& 

46, 3lfflWft«*#tt(D7kIP* 0J;tf*iHc>13kOe£ll3i, 
tSfcfj^tt, R-Fe-^^«E«SS7k^lK^^#±«5c;*co 
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tz ft , d * -e co R-Fe-B ^ $e ^ * 4\ & ^ (O jHfthtt f ± + 
[0 0 0 4] 

[*W#A?»:LJ: 9 fctSHH] *»Wfi, W-ha^fc 
[0 0 0 5] 

[|ffl»fc<W*i-Sfc*0*»] R-Fe-B^ 
4*fi«lffl*(0*±«*i:«**WR-Fe-BK*3Bffl* 

[0 0 0 6] J^T, **W4r*#«*cttW*-*o *»W 

*±S7ciff tf> 5 fbCO 1 «Xfi 2 ««±) 28. 0-33. 0%. B 
0. 5-2.0%, 0 0. 3— 0. 7%,^^Fe^M^c^^"L. 

B B B ^(7«fflO^p^10%J^TT'fear £ Sr*«i-rs 0 * 
fc, **W«JBS!*^«5Jc:*5^-C, FecD— £fl£Nb 0.1 
-2.0%,AI 0.02-2.0%, Co 0. 3-5. 0%. Ga 0.01-0.5 
%.Cu 0. 01-1.0%cO9*> iaxtt2SJ!^J:r*Klfei"S 

[0 0 0 7] *^#(bf*, ±fa*i.fiR^*'rSR-Fe-B^ 

«^r, 0LYMPUS|±^^^(fSa a p^VAN0X)T'S^L, ^CD 
Htt £N I RECOttSiiijtt^SSSB (fifp^ LUZEX 2 ) Id iE^ 

[0008] ^fflfbft «ffFHI*«B5l*-^-rtt«Sr 
^^6R-Fe-B^^^^7lc^^^(7)^1'@^ B B a ^ t 

ft ft F*3 ^ £ ^ L 3t t <o "C ^) o O f^P « & m 
50 it^-CNd 22. 8%,Pr 6.7%,Dy 2.0%o,B 1.0%, Al 1.0 



3 

%, 0 0. 45%, C 0. 08%, N 0. 015%, »fflFeooj(fij$£*r*- 
Z>m&W, □Pjl^fiftS'^it^T'Nd 31.0%.Dy 1.0%, B 
1. 05%, A I 0. 05%, Co 2. 0%, Ga 0. 09%, 0 0. 55%. C 0. 
07%, N 0.008%.«»Fe«>|ftriS*:#i-a«gj|S«c, AEPfi 
mmEftttrnx-Ud 23.0%,Pr 5.0%,Dy 4. 5%, B1.1%,N 
b 1.0%, Al 0.2%, Co 2. 0%,Cu 0. 08%, 0 0. 35%, C 0.0 
6%,N 0.030%.«B»Fe(D|artSrW-t-*«S3»ft:«r^i-o - 
co^^toAnjSM&Tfi, &rH£10mmxl0mmx2mmGD^-*£ 

i**4£2^EE. 120T:, S*100%<Oft«=tctt« Lfc. HI 1 

ml^T^±tS^B B am^®^co^n^80%j^_br\ ^o^jfl 

Fe-B*jft«S*^^coiifftftfett^#i-flEttit fc 6 

[0 0 0 9] ^coj^H^r^^i-6<b, Jt«tt*:#*3fetB 
^t@S H B B ^coP^co^[^a, *f*:WfCfi«Cj|L 3 S^^^rco 

MtcZ&ftxh*) , r wtcfiffi^r^t^n^-rv^N d 
richt@^#?t Lt^5^, r CON d r ichftr** $ tuT 

^$5il{c^i-m^^^i-aR-Fe-B^^^7l<^^^It 

ffl«&#5o R-Fe-B»«ttS*^«^^«iS»- 
*>M,*rtt, W»tt»*«»*«- J: or *»<fciL, 

Mit^rnt#5 0 rcoj: 5f-Lrfls«Lfc»» 
S • 0#ffi • ^-y«:l«t6:i:iaot, R-Fe-B^ 



(3) 1#^¥9 - 2 8 3 3 1 3 

[ooii] ^^^b^mt^ffifflcoM^^^i-^ 
»SnfcM^ia*Sr#-r-5R-Fe-B*«L»»W«'frA 

*5 5x.-Ctat-*>5p 1112**, SfiM^it^rNd 22. 
7%,Pr 7. 6%,Dy 1. 5%, B 1.05%, A I 0. 05%, 00. 01 %, N 

0.004%, c 0.001%, mme<Dmf&*ii't % , * bv v 

(as cast) 0 fyK7^ M^<o»jBfl3te«aj»/jS#fiE ItP 

^fi^±m*^#v^7k^^^^*(DRricMl(c^^-r 
fcffir £ 0 r oRr i chfg f±«^»P#{c?R«<7)fi^i: t ta 

20 &<dx\ ^(DHr\chmm2i l z^-rxo^mm^^wci, 
rv*a»tt^£«r«jflL*:»&, ttajftsjw^< r«&— * 

(«i»«i£«o * * ) * - co * * DUfttftft L r Wfl^ £ 

[0 0 12] *»*#Pjf4, wWWJBSrlftfti-S^flsi: 

it, wtoww^A^wsasttiiriRAQfaLrww 
i^ty-Co ^^00^^800^—1 loot: <t r 
tzfrbxtbz> 0 noo'CJ: oaBv^ftrn, a^i 

^ f±^g^j * r ft 5 i^s *s *> s c ^ #i» 5 * r t 
[oo i 3] « lie, »artt*A*«-a*ft=rf»«i^(i. 

50 • *ttLfc»*co«tt#a?±tHttifttta(Ott 
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[0015] mifrb, »ftVz&&&B0QX;£i±<Dm.8t 

a»r*>5„ i^«p^*i?a»e>, 70ot;r<oiR&aro±tB 
-c£>6 0 7oo e ccDjffttoafas-efi, »*-fr&0>*araMb 

£ 700 < CcoHft^^(O»^^(c J: 6 7l(^8^8*wB 
rf±12. 8—12. 9KGr#>5^ 800^ 1 900^(7)^^0) » 
«ftt*A*r«ffl L/c*#<^{cf± N Brf*13. 1KG£ MMlzmm 
-t& 0 f&®.miB.m&U)00X:X~te. Lr*#bix5Br 
tt»«IU 13.2KG£ft5„ 1100°C, 1200°C(7)^^r^ 
rte, Br<7)i^Dtei&WcitU 13. 2KQt^t> * 

i (c^ L^r#^^c7) ^ m.&mm&<D»fcw&& 
<o&mm.m^K&m 2 1 0 0 orrfMt ^ 

J: t>'r r j chta k:*b ^ <s tea* * Jtsajftas ittffl 

CO (- tfcflgcO £ £ CO <7) Id # < #r£ L , 



60 7 0 o^tD^sraitr^i. «ufc<z>j**j&s;F+#r 

J:or#^ B H B ^^^<7)^dllom^7iMg;Tb, Br^ 
&#SiT,Si:%;L*>ix5as, * l o**3&^«Wf-r5K 

(7)co 1 0 0 ox:&±<Dm&mi&&xi*&fQ<nmfa : k7F 

a*{fc«rffiit*1i:Tt>, *ixfcM#fe;KSJ*«f*W B r <D 
[0 0 16] K±»WcttflLfc.J: * by 

s^)iaffi«fiffl^*>v^T}R*Q;aL, fo6^ncnt-7K^K 

j*&3ffi&*Lre«»W$-ti\ wtt«r»»Lra»ft'f 
fflv^r«iS**Lfc*^a[^*»<*tt, Btttttc^fci&r 
t*«(orife53fts. tii^^f, JSv^K«WttSr=ff 

looncrtottfeawpiiOtt, / >^e< <t t>i5^jt#*u< 

[0 0 17] ^TT'fi, *|gi!H^)R-Fe-B^«B*gSi*^iK 
g-^r28.0~33.0%<t Six*., *±Ji7C*<O*^31.0 
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t$<?) 5 *»«B«JK*aBrt««*iHcds*(-iB:Ti-6. 
fSoT, #r±^7c^cofili28.0~33.0%i: <**lS 0 * 
fc, *±«7£*w**31.0%W±t-rsr S5 

60 0(O*liM*Br»*"C0.3— 0.7%i*ttS. Ocofiri* 

*M«*SftwO«£0. 3%*S5<t -f S r t ttH«t?fc 9 , 0 
&H0.3-0.7%£i-£ o 
[0 0 18] Croa*ia*&»apTO. 15%l^T<>:-f 
£^#£Lt\ Cco*tf*0. 15% J: !9#v *± 

7C*^«/>LT»«*iHc*sffi:Ti--6 0 Cfifi, 0. 12%J£Jt 

£ r OfjtJ^T <b i~5 w t fifflJUTfe «9 , Sfettfl^CBl* 
0.01-0. 15% ir-r-Sr Lt\ NWfll ft§ 

5>^T'0. 002—0. 04%£-r£ ~ tfcfiT& IA\> NOl^ 
0. 04%£*3;L 6 t . *±«5c*0— jfU3fts*ffc*SrJK* L 
^^lcW^^#r±^7c^7)>^>LT^^i i H c*s(S 

*»*tt*ON**0.(X)2%*a»i:-rsc:t(ifflJBI 
T*&£ 0 aoTNiliO. 002-0. 04% ^tSI^^ 

[0 0 1 9] *|g^C0R-Fe-B^ffl6*g^^^lK^lC*5l^^ 
til, Feco— £fl£Nb, Al, Co, Ga, Cuco 9^1 fllS^fi 2 fl 

W»3eoaftSrRM+5. NbofitfcSteO. 1-2.0%* $ 

ft^O. 1%J: •j^ftv^W^tt, as«cco*#«t^^> 
«i»JS»*3fts+»-Cfi*<ft-6. NbcDfg«!Sas2.0 

H«K*««Br*sffi:Ti-5. A I coit&ftflO. 02-2. 0% * 
AI(7)^Dii«^iHcS:i««6sa*^foS 0 Al 
co^^l:^o.02% J: 9 '>&V^^lcfl, i^mti^±PJ) 
**S'>ft^„ K*«S2.0%«:at5i, SKSKSHBSEB 
r^^fcigT-T-So Co^fi&ftfiO. 3-5.0%* £K 

0%^iU6^:, «B«&S*£Bi\ »«*iHc*s*(cA» 
(cfj&TT6o GacoB&ftl;t0.01-0.5%* $ix6 3 Gaco 
UK ft ffiAl 11 » f& f) i He fc> f 6] _b £ t fc e> -r ^ > ft jO >0. 0 
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}%£ *) 'Pte^fa&lZl-is jR*D«b*fi/h*t^ — Ga 
<oB»ftj&S0. 5%£r«;L 6 * , »B«K*«Br<Z5iST^ 
iflc46i * felc»«*iHct>l£Ti-S. CucoM&ffi 
110. 01-1.0%* £;Jx6 0 Cuco»*jSS»D*l«^^jiHcor6i 

S*±t&S3i-^o S*D*aso.01%J: 9'>*^»*fc:tt. « 

[0 0 2 0] 

(3lffiC»Jl)aSB"^ap-eNd 23.5%,Pr 7. 0%, Dy 1.5%, 
B 1. 05%, Al 0. 10%, 0 0. 03%, CO. 005%, N 0. 004%, 
WFe0>«fifcS:*Fi-a, ff $ ^0. 2-0. 5nm(D»^^ 
Sr. ^hii^7>t^ hfc-Cfls«Lfco w^SE*^^ 
Ar^7^#ffl^^rM000 o CT*2B#r^^L/c: o 

*S#»Loo550 l C*-CI»»*t^A**P»RL, -fro 

#^II^x#l^^t«l:»Lt, 32meshl^T 

5, Nd 23. 5%,Pr 7. 0%, Dy 1.5%,B 1. 05%, Al 0.10 
%,0 0. 14%, C 0.02%), N Q.Q01%.mmet\<*iftVrm 

l^/H^a5*N2^^T-fil*L. H2tf*tp<om 

mmill. 0kg/cm2, JR»ft«&<DW«ai0kg/Hr<O*«="C» 

JO ^IJ^r-r t'x^(^T*12k0eOSai^^^^:f(1^DL^^ 
bO. 8ton/cm2<Ort«ffi-e«* Lfc B ia^^coPpAD^^] 
tt, fiR»*|6itSil-C*>So f&Mm-X. 4.0x10-4torr 

<D2kftT-cis e c/ft<ofti&mm-T?\ 100T:* r*#ra L, ^ 

L/c<!:^5, Nd 23.5%,Pr 7. 0%, Dy 1. 5%. B 1.05%. A 
10. 10%. 0 0.55%,C 0.07%,N 0. 012%. JSSBFe 1 1> 9 5> 

94%, ttAtt&^13/i mJ^±(7D^t|^ B e B ^COffi^OfOfl 

40 3%T*fco7t a ^(O^IS^^Ar^/^#IS^:4 3 T*900 c Cx2 
1 550T: x 1 Npm^ffi^fi:^ l IhK L fc e WKAPX 

^^10mmx10mmx2mmO~^^^(^J , JDX^, -tco^S^I 
0/imONi> y^SrlfiLfc. i!k^T^Ol*^^2Mm, 120 
°C.miS100%o^^^ML. l*B<ottatc*|"r5Ni^ 
^^^UgS*a-!f; 6 ^2tC^^J:9(-> 2000R^ 

50 [0 0 2 1 ] (H*6«i]2)fiSS'^tNd 19. 5%, Pr 6.5 
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%. Dy 5. 5%, B 1.0%, Nb 0. 5%. Al 0. 2%, Co 2. 0%,Ga 
0. 1%, 0 0. 02%, C 0. 005%, N 0. 003%, «fi$Fe<7)|&fiJc£ 

hfeT*f£S!!Lfco w<OJWftt<OdA*. Ar#*# 
a^f-C1100t:-C1B#WAflSRLfco JfcK***F*rttffl 

o550 , C*-CSlMftt<0'frASrJottU. ^<a?fi£TlH*Pflffi: 
»LTtt***Q ! aSrfTofc 0 W»Lfc-&A«ra*^^* 
fflft*-C««Wi-fift#LT, 32mesh«T<oH»ft»i: L 
/c 0 :^Bfii»W|ft*S:MLfcU5, Nd 19.5%. 
Pr 6.5%,Dy 5. 5%, B 1.0%. Nb 0.5%,AI 0. 2%, Co 2.0 
%. Ga 0. 10%, 0 0. 12%, C 0. 02%, N 0. 007%. mUFet 
^5#*ffc*r»fco w<o«»a»50kg«r^*y h$/H*3 
CiAlfcl, 3/ h $/urt»*N2^^-e«»U, N2 
^^"PolHfi«fei»*»fflHt?0. 15%<b L£: 0 
T\ »»JEA8. 0kg/cm2, JR»a»^*«*12kg/HrO* 

ft*se>1. 5ton/cm2^fi5c^EET*^Lfc 0 ffiftl&lf-toHiAo 
*|6lfi, riE»*IfiltSil[-C*-5o fifc«*W\ 5.0x10- 
4torr^^ftTT'15°C/^^#^^T'1080r^ r*#ra 

SriMrLfctCL^ Nd 19.5%.Pr 6. 5%. Dy 5. 5%, B 1. 
0%, Nb 0. 5%, A I 0. 2%, Co 2. 0%, Ga 0. 10%. 0 0. 48%, 

c o.o6%.n 0.008%, mnret\t^ofr#rm&'&tc 0 z\<n 

10 ju maT^itl^ B B B |i(7)Iiofp(i90%, *£Affie* s 
i3A£mj^±co^ta*g^^sso^3ji6%T*foofCo r 

<^«S*Sft: tcAr # #0SM f T*900T; x 2fl#IW t 600^ x 1 B# 

^^^<oft&t££I¥ffi^5fc#>t£. ^^^10mnix10mnix 
2mm(7)— ^J-jfetcanXSL -frCD^ffitclO/z m<£>Ni> 5/ 
^L/Co Rv^C^fWStfftJE. 120T:, ®j£100%<0 

j££pa-</c 0 i2lc^fj:9^ 2000^raSrSiSLTt 

[0 0 2 2] (Hife0»J 3 ) fiSM»*T?Nd 25. 8%. Pr 5. 5 
%, Dy 1.2%,B 1. 05%. Al 0.08%, Co 2. 0%. GaO. 09%, C 
u 0. 1%, 0 0. 03%, C 0. 005%, N 0. 005%, m«bFe<omf& 

^-v* hife-OflMHLfc. r^JMMfc Ar#* 
#H«"t>T90(rcr*2l*|BI*Pl»Lfc. 
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\^Lx^m^m^n^tio mm^tz^^mm^^ 

BB«+-C»««IJC«*L-C, 32meshJWTojR»a»t L 
fc 0 c; wj^f4M(/)|M^M t/c <!: 1 5, Nd 25. 8%, 
Pr 5. 5%.Dy 1.2%,B 1.05%, Al 0. 08%, Ga 0.09%,Cu 
0. 1%,0 0. 14%, C 0.03%,N 0.009%. SlgBFei: ^ 5 
m*ntz 0 roW»ft»50kg*r^*s/ hS^rtfcKAL 
/cm, h S/urta&ArtfxT'lttfeU Ar#x*fc> 

»*»«4:»*»W»HI-C0.050vol%^ L/c D &^T\ 
g»JE*>7. 5kg/cm2, W»a»^««e*9kg/HrW*«=T- 

m*?*)—*, t^^i^T*8k0e(Dgfif^^#^fn 

Lft/j> bO. 6ton/cm260fiSc^EET*M^^ LfCo ffil^HK 
»<75PPAD^rr6ifi. j£^;frfa£SB:-C'fc5o jS^ttte, 4. 
0x10-4torrco^f4TT'l 5 T 1 1 O 

0°C^T^raL, ^^?afi-C2P#Pfl*j*LT«lfeL^o 
«te*^fiic^«flfctZ5, Nd 25.8%,Pr 5. 5%, D 
y 1.2%, B 1.05%,AI0.08%,Ga 0. 09%, Cu 0.1%, 0 0.3 
5%.C 0.07%,N 0.025%, SttFet ^ 5 

20 t^MO/x mJ^Tc7)^ti^ B 0 e ^O®|IcDfP^88%. *g,H,«[ 
a*S13j« mJ^_b(7)^SS B B B ^^®«^fPii7%T^o 
tz 0 z\ (OKttflc^Ar # X T'900°C x 2H$ffl £ 580 

\±*m\7£l,tzt z\*>, *2«c^i"J:9*A»^«[«:» 
fc„ ^co 7 1<^^^i^m^H?ffi^5 7c^(c. ^^10 
mmx10mmx2nimco— ^^fi&CJjnx^ -€rO^®^10^ m 
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(54) SINTERED PERMANENT MAGNET 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve corrosion resistance by making the 
main phase crystal particle diameters of a magnet to be not more than a 
specified value in the R-Fe-B system sintered permanent magnet with rare earth 
and oxygen of the specified range amounts. 

SOLUTION: In the sintered permanent magnet, composition where R (R is one 
type or more than two types of rare earth elements containing Y) is 28.0-33.0%, 
B is 0.5-2.0%, O is 0.3-0.7% and a remaining part is Fe at a weight percentage is 
provided, and the sum of the areas of main phase crystal particles whose crystal 



particle diameters are not more than 10|jm is not more than 10% against the total 
area of the magnetic main phase. In the sintered permanent magnet, a part of Fe 
is substituted for one type or more than two types among Nb 0.1-2.0%, Al 0.02- 
2.0%, Co 0.3-5.0%, Ga 0.01 -0.5% and Cu 0.01 -1 .0 or the value of coercive force 
iHc is made to be not less than 13.0kOe. Thus, the R-Fe-B system sintered 
permanent magnet having superior corrosion resistance can be obtained without 
deteriorating a magnetic characteristic. 
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CLAIMS 



[Claim(s)] 

[Claim 1] It has the presentation of Remainder Fe with weight percent R(one-sort 
[ in the rare earth elements in which R contains Y ], or two sorts or more)28.0- 
33.0%, B 0.5-2.0%, and 0 0.3-0.7%. The sintering mold permanent magnet with 
which the diameter of crystal grain is characterized by 80% or more and crystal 
grain being [ the sum of the area of the main phase crystal grain 13 micrometers 
or more ] 10% or less for the sum of the area of the main phase crystal grain 1 0 
micrometers or less to the gross area of the magnet main phase crystal grain. 
[Claim 2] The sintering mold permanent magnet according to claim 1 which 
permutes a part of Fe by one sort or two sorts or more in 0.1 - 2.0% of Nb(s), 
0.02 - 2.0% of aluminum, 0.3 - 5.0% of Co(es), 0.01 - 0.5% of Ga(s), and 0.01 - 
1.0% of Cu(s). 

[Claim 3] The sintering mold permanent magnet according to claim 1 or 2 whose 
value of coercive force iHc is 1 3.0 or more kOes. 

[Translation done.] 
* NOTICES * 
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1 .This document has been translated by computer. So the translation may not 

reflect the original precisely. 

2.**** shows the word which can not be translated. 

3.ln the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the engine-performance 

improvement of the rare earth magnet of a R-Fe-B system. 

[0002] 

[Description of the Prior Art] A R-Fe-B system (one-sort [ in the rare earth 
elements in which R contains Y ], or two sorts or more) sintering mold permanent 
magnet attracts attention as an aperiodic compass in a sintering mold rare earth 
permanent magnet, and it is used in the large field. This R-Fe-B system sintering 
mold permanent magnet has fundamentally the structure which consists of the 
three phase circuit of R2Fe14 B phase (the main phase), a RFe7 B6 phase 
(Brich phase), and R85Fe15 phase (Rrich phase), it is **** in presentation at rare 
earth elements - it originates in existence of a Rrich phase and such three- 
phase-circuit structure, and compared with a Sm-Co system sintering mold 
permanent magnet, corrosion resistance is inferior, and a R-Fe-B system 
sintering mold permanent magnet is one of the faults until it results [ from the 
time of development of this permanent magnet ] in current. Although there is no 
established theory about the mechanism of the corrosion of a R-Fe-B system 
sintering mold permanent magnet, since the gestalt of the corrosion on the basis 
of a Rrich phase is common, there is also a view with the anode plate corrosion 
which made the Rrich phase the anode plate. Surely, by decreasing the amount 
of the rare earth elements of a R-Fe-B system sintering mold permanent magnet, 
the amount of the Rrich phase inside the sintered compact decreases, and the 



gestalt of a phase is made detailed, and the corrosion resistance of a permanent 
magnet improves corresponding to this. Therefore, it is the one approach of a 
corrosion-resistant improvement of a R-Fe-B system sintering mold permanent 
magnet to decrease the amount of rare earth elements. 
[0003] As for the rare earth permanent magnet of the sintering mold containing a 
R-Fe-B system, it is common to be manufactured according to the powder 
metallurgy-process of dissolving a raw material metal, grinding, fabricating and 
sintering it, heat-treating it and processing into mold the ingot obtained by 
carrying out teeming. However, since it contains rare earth elements so much, 
chemically, the alloy powder which grinds an ingot and is obtained is very activity, 
it oxidizes in atmospheric air and the amount of content oxygen increases it. By 
this, with the sintered compact after sintering, some rare earth elements form an 
oxide and effective rare earth elements decrease magnetically. For this reason, 
in order to realize the level of practical magnetic properties, for example, 
iHc>=13kOe, it is necessary to increase the amount of the rare earth elements of 
a R-Fe-B system sintering mold permanent magnet, and the addition of the rare 
earth elements which exceed 31% at the rate of percent by weight is adopted at 
the charge of real material. For this reason, the corrosion resistance of an old R- 
Fe-B system sintering mold permanent magnet was not enough. 
[0004] 

[Problem(s) to be Solved by the Invention] This invention tends to improve 
sharply the corrosion resistance of the R-Fe-B system sintering mold permanent 
magnet described above. 
[0005] 

[Means for Solving the Problem] In order to improve the corrosion resistance of a 
R-Fe-B system sintering mold permanent magnet, as a result of examining many 
things, in the R-Fe-B system sintering mold permanent magnet of the amount of 
rare earth of the amount of specific range, and the amount of oxygen, by making 
the diameter of the magnet main phase crystal grain below into a specific value, 
this invention persons find out that corrosion resistance improves, and result in 



this invention. 

[0006] Hereafter, this invention is explained concretely. The sintering mold 
permanent magnet in this invention has the presentation of Remainder Fe with 
weight percent R(one-sort [ in the rare earth elements in which R contains Y ], or 
two sorts or more)28.0-33.0%, B 0.5-2.0%, and O 0.3-0.7%. The sum of the area 
of the main phase crystal grain 10 micrometers or less is characterized by the 
diameter of crystal grain being [ the sum of the area of the main phase crystal 
grain 13 micrometers or more ] 10% or less 80% or more to the gross area of the 
magnet main phase by the diameter of crystal grain. Moreover, in this invention 
sintering mold permanent magnet, a part of Fe can be permuted by one sort or 
two sorts or more in 0.1 - 2.0% of Nb(s), 0.02 - 2.0% of aluminum, 0.3 - 5.0% of 
Co(es), 0.01 - 0.5% of Ga(s), and 0.01 - 1 .0% of Cu(s). 
[0007] this invention persons found out that the especially excellent corrosion 
resistance was discovered by the diameter dependency of crystal grain being in 
the corrosion resistance of the R-Fe-B system sintering mold permanent magnet 
which has the above-mentioned presentation, and making the diameter of the 
magnet main phase crystal grain below into a specific value. There might be 
various approaches in a definition and measurement of the diameter of magnet 
crystal grain, and although it was not the most important, the particle size to the 
gross area of the magnet main phase made artificers the scale which the particle 
size to the gross area of the magnet main phase of the sum of the area of the 
main phase crystal grain below a fixed dimension shows the condition of the 
diameter of magnet crystal grain the sum of the area of the main phase crystal 
grain more than a fixed dimension be comparatively alike comparatively the 
same. Suppose that the effectiveness of this invention is explained using this 
scale below. Moreover, the measurement which hits computing this rate gazed at 
the crystalline structure of the target R-Fe-B system sintering mold permanent 
magnet under the microscope made from OLYMPUS (trade name VANOX), and 
was performed by feeding this image into the image processing system made 
from NIRECO (trade name LUZEX2) directly. 



[0008] this invention persons performed the following evaluations about the 
diameter of the main phase crystal grain of a R-Fe-B system sintering mold 
permanent magnet which has the presentation shown in a claim, and corrosion- 
resistant relation, and obtained the result as shown in drawing 1 . Drawing 1 
shows the relation of a between [ transient ] until HAKURI initiation of nickel 
plating [ the diameter of crystal grain to the gross area of the magnet main phase 
crystal ] of the diameter [ as opposed to the gross area of the magnet main 
phase crystal comparatively the same ] of crystal grain of the sum of the area of 
the main phase crystal grain 10 micrometers or less by the accelerated test of 
comparatively corrosion-resistant of the sum of the area of crystal grain with a 
main phase of 13 micrometers or more arises. O The sintered compact with 
which the mark has the presentation of Nd 22.8%, Pr 6.7%, Dy 2.0%, B 1.0%, 
aluminum 1.0%, O 0.45%, C 0.08%, N 0.015%, and Remainder Fe at the rate of 
percent by weight, ** The sintered compact with which the mark has the 
presentation of Nd 31.0%, Dy 1.0%, B 1.05%, aluminum 0.05%, Co 2.0%, Ga 
0.09%, O 0.55%, C 0.07%, N 0.008%, and Remainder Fe at the rate of percent 
by weight, ** mark shows Nb 1.0%, aluminum 0.2%, Co 2.0%, Cu 0.08%, O 
0.35%, C 0.06%, N 0.030%, and the sintered compact that has the presentation 
of Remainder Fe at the rate of percent by weight Nd 23.0%, Pr 5.0%, Dy 4.5%, 
and B1.1%. In the accelerated test in this case, 15-micrometer nickel plating was 
performed to that front face after processing a magnet into a 10mmx10mmx2mm 
dimension, and, subsequently to the conditions of two atmospheric pressures, 
120 degrees C, and 100% of humidity, the sample was left. Drawing 1 shows that 
the diameter of crystal grain becomes the thing excellent in especially the 
corrosion resistance of the R-Fe-B system sintering mold permanent magnet 
which has the presentation shown in a claim when the sum of the area of the 
main phase crystal grain 10 micrometers or less is 80% or more and the 
diameter of crystal grain is [ the sum of the area of the main phase crystal grain 
1 3 micrometers or more ] 10% or less to the gross area of the crystal of the 
magnet main phase. Therefore, the magnitude of the magnet main phase crystal 



grain is specified above. 

[0009] If this cause is presumed, in the permanent magnet sintered compact with 
which the comparatively big main phase crystal grain exists, the volume of the 
opening section which grain boundary 3 importance is specifically that seed slack 
part, and is filled up with this Ndrich phase although the opening section between 
the main phase crystal grain and the Ndrich phase which is very easy to oxidize 
here exist will become large relatively. Although it is moisture in the factor which 
brings about corrosion destruction, for example, this accelerated test, the 
permeability of such a factor is good and is considered that the condition of being 
easy to happen in chain reaction has destruction of the grain boundary. The 
above explains that the diameter dependency of the main phase crystal grain is 
in the corrosion resistance of the R-Fe-B system sintering mold permanent 
magnet which has the presentation shown in a claim by showing an example of 
research results, such as this invention person. 

[0010] Although the approach of controlling the diameter of crystal grain of the 
main phase of a R-Fe-B system sintering mold permanent magnet which has the 
presentation of a claim to the thing of the above-mentioned convention range is 
not necessarily the most important and the combination of various approaches or 
those approaches can attain, by research of artificers, it is accompanied by 
remarkable difficulty by the usual approach. The approach of carrying out 
pulverization of the raw material coarse powder by pulverizing, and carrying out 
metal mold shaping of these fines in a field in manufacture of a R-Fe-B system 
sintering mold permanent magnet, generally, and acquiring a Plastic solid, 
sintering this and using as a sintered compact is taken. For example, when 
performing pulverizing using a jet mill, fines with a predetermined average grain 
size and particle size distribution can be obtained by controlling the pressure of 
the gas at the time of grinding, the speed of supply of coarse powder, etc. 
Moreover, the particle size distribution of fines are also controllable by performing 
a classification if needed. Thus, in fabricating the produced fines and. sintering, it 
is not necessarily impossible by choosing still more suitable sintering 



temperature, time amount, and pattern to make the diameter of crystal grain of 
the main phase of a R-Fe-B system sintering mold permanent magnet into the 
thing of the above-mentioned convention range. However, many conditions 
needed to be set up, this needed to be controlled and it turned out that it is very 
difficult to manufacture the sintered compact which has a predetermined 
diameter of crystal grain with sufficient repeatability. 
[0011] This invention persons are easy to make into the above-mentioned 
convention range the diameter of the main phase of a R-Fe-B system sintering 
mold permanent magnet of crystal grain which has the presentation of a claim, as 
a result of searching for the approach for which it is suitable on mass production, 
heat-treated the R-Fe-B system quenching thin band-like alloy which has the 
predetermined presentation manufactured by the approach called the so-called 
strip cast method in a predetermined temperature requirement, and found out the 
approach of grinding this and using as raw material coarse powder. Moreover, in 
grinding the thin band-like alloy after heat treatment, it is effective when carrying 
out after performing post-dehydrogenation treatment which carried out 
spontaneous disintegration by hydrogen absorption raises the pulverizing engine 
performance. Drawing 2 is a cross-section organization of the thin band-like alloy 
manufactured by the strip cast method which has the presentation of N 0.004%, 
C 0.007%, and Remainder Fe at the rate of percent by weight Nd 22.7%, Pr 
7.6%, Dy 1.5%, B 1.05%, aluminum 0.05%, and 00.01% (as cast). The detailed 
dendrite-like organization exists. The phase which the phase observed by white 
in a photograph has few amounts of rare earth, and is equivalent to the main 
phase of a permanent magnet sintered compact, and the phase observed black 
are phases equivalent to the Rrich phase of a permanent magnet sintered 
compact with many amounts of rare earth. When the band-like alloy currently 
distributed minutely is used as this Rrich phase shows drawing 2 since this Rrich 
phase serves as an origin of destruction at the time of pulverizing, it is easy to 
generate fines fine particle size and uniform probable. Therefore, manufacture of 
the sintered compact which, comparatively easy moreover, has the particle size 



distribution of a claim with sufficient repeatability is attained, without managing 
strictly many conditions at the time of pulverizing and sintering. However, even if 
it grinds this thin band-like alloy (with quenching casting) directly as it is, it 
considers as raw material coarse powder and it pulverizes this, the particle size 
distribution of good fines are not acquired and the diameter of the main phase 
crystal grain concerning this invention is not obtained in the sintered compact 
which fabricated and sintered this. This reason is because the front face of a thin 
band-like alloy hardens and the grindability-ed at the time of pulverizing is 
remarkably worsened by quenching casting. 

[0012] this invention persons found out that it was effective to heat-treat this thin 
band-like alloy in a specific temperature requirement, and to remove hardening of 
a thin band-like alloy front face as a means to solve this problem. Temperature of 
heat treatment is made into 800 degrees C - 1 100 degrees C. This is because 
removal of hardening of heat treatment temperature at less than 800 degrees C 
is inadequate. Moreover, it is because a reaction arises between thin band-like 
alloys at the time of heat treatment and difficulty arises in processing at a back 
process at temperature higher than 1 100 degrees C. Since it is the thin band-like 
alloy which contains activity rare earth elements so much, it cannot be 
overemphasized that it is necessary to perform heat treatment in an inert gas 
ambient atmosphere or a substantial vacuum. Moreover, after carrying out 
occlusion of the hydrogen to the thin band-like alloy after heat treatment, carrying 
out spontaneous disintegration as mentioned above and performing 
dehydrogenation treatment, it is still more effective to coarse-powder-ize this, 
when raising pulverizing nature. In addition to the removal effectiveness of 
hardening of the thin band-like alloy front face by heat treatment, this is because 
the embrittlement effectiveness of a Rrich phase joins the Lord inside the thin 
band-like alloy by hydrogen. 

[0013] A thin band-like alloy is heat-treated or (1Hr) ground on various conditions, 
and it considers as coarse powder, and this is pulverized on the same conditions 
and the condition of the diameter of the main phase crystal grain of the sintered 



compact at the time of fabricating and sintering is shown in Table 1 . 

[0014] 

[Table 1] 
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[0015] By heat-treating a thin band-like alloy at the temperature of 800 degrees C 
or more, and using this from Table 1 , shows that the sintered compact which has 
the rate of the main phase particle size shown in a claim is obtained. Moreover, 
as mentioned above, the effectiveness of hydrogen processing is also in **. The 
condition of the main phase particle size in heat treatment at 700 degrees C is 
almost equivalent to a thing [ with quenching casting carried out ] from Table 1 to 
coincidence. In the heat treatment temperature of 700 degrees C, it turns out that 
it is inadequate for removal of the hard facing of a thin band alloy. Especially this 
invention persons found out to coincidence that heat treatment at the 
temperature of 800 degrees C or more of a thin band-like alloy brought about the 
improvement effectiveness of Br among magnetic properties. Similarly a result is 
shown in Table 1. Although Br of the permanent magnet sintered compact by the 
thin band-like alloy of a quenching casting condition and 700-degree C heat 



treatment is 12.8 - 12.9KG, when the thin band-like alloy of 800 degrees C and 
900-degree C heat treatment is used, Br increases from Table 1 rapidly with 
13.1 KG. Heat treatment temperature increases in slightly Br obtained as a result 
at 1000 degrees C, and it is set to 13.2KG. In the heat treatment temperature of 
1 100 degrees C and 1200 degrees C, the increment in Br reaches saturation and 
is not different from 13.2KG. The metal texture photograph of the thin object-like 
alloy which heat-treated the metal texture photograph of the thin object-like alloy 
after quenching casting at 1000 degrees C after quenching casting to drawing 2 
among the thin object-like alloys shown in Table 1 is shown in drawing 3 . any of 
the black organization which is equivalent to the white organization equivalent to 
the main phase in a thin object-like alloy, and a Rrich phase with heat treatment 
when drawing 2 and drawing 3 are compared - although - it turns out that it is 
made big and rough. From these things, since the organization which consists of 
phases which are equivalent to the main phase and a Rrich phase with a thin 
object-like alloy with quenching casting is detailed, this invention person etc. 
When fines are manufactured using this, many things with a polycrystal condition 
exist in the inside of fines probable, and I cause the fall of the stacking tendency 
at the time of carrying out metal mold shaping of the fines in a field, and think that 
Br fall of a permanent magnet sintered compact is brought about. The heat 
treatment temperature of 700 degrees C of growth of an organization is 
inadequate, and it does not result in an improvement of a stacking tendency in it. 
although it is thought that the probability of generating of the fines of a polycrystal 
condition falls and Br is improved by this although the internal organization of a 
thin object-like alloy has made it big and rough according to the rise of heat 
treatment temperature, as long as it judges from the result of Table 1, it is 
thought that the effectiveness shows up considerably, shows up and is with the 
heat treatment temperature of 800 degrees C. According to the further increment 
in the heat treatment temperature of a thin object-like alloy, although Br of the 
sintered compact obtained improves, it shows the inclination of saturation with 
the heat treatment temperature of 1000 degrees C or more. In the phase which 



reached the condition that the organization inside a thin object-like alloy made 
this big and rough to some extent, and the fines of a polycrystal condition hardly 
generated it probable, even if it raises heat treatment temperature further and 
promotes big and rough-ization of an organization, I hear that it is not reflected as 
improvement in Br of the sintered compact obtained, and he can understand it. 
[0016] As explained to the detail above, the quenching casting thin band-like 
alloy of the predetermined presentation by the strip cast method By heat-treating 
in a specific temperature requirement, or performing and carrying out 
spontaneous disintegration of the hydrogen absorption processing to this, and 
grinding and coarse-powder-izing this The grindability at the time of pulverizing is 
improved, and although the permanent magnet sintered compact manufactured 
using this becomes what has the diameter of the main phase crystal grain shown 
in the claim which was extremely excellent in corrosion resistance, it has not only 
it but high magnetic properties. In addition, it is necessary to perform preferably 
800-1 100-degree C heat treatment time amount of a thin band-like alloy 30 
minutes or more at least 15 minutes or more. 

[0017] Below, the reason for limitation of a presentation of the R-Fe-B system 
sintering mold permanent magnet of this invention is explained. The amount of 
rare earth elements is made into 28.0 - 33.0% with weight percent. If the amount 
of rare earth elements exceeds 31.0%, the amount of the Rrich phase inside a 
sintered compact will increase, and a gestalt will also be made big and rough, 
and corrosion resistance will worsen. On the other hand, the amount of liquid 
phase required for the eburnation of a sintered compact is insufficient in the 
amount of rare earth elements being less than 28.0%, a sintered compact 
consistency falls, and both a residual magnetic flux density Br and the coercive 
force iHc fall to coincidence among magnetic properties. Therefore, the amount 
of rare earth elements is made into 28.0 - 33.0%. Moreover, the sintered 
compact which has a high sintered compact consistency can be easily obtained 
by making the amount of rare earth elements into 31.0% or more. The amount of 
O is made into 0.3 - 0.7% with weight percent. When the amount of O exceeds 



0.7%, some rare earth elements form an oxide, effective rare earth elements 
decrease magnetically, and coercive force iHc declines. On the other hand, by 
oxidation at a pulverizing process, it is difficult to make the amount of O of the 
last sintered compact into less than 0.3%, and the amount of O is made into 0.3 - 
0.7%. 

[0018] As for the amount of C, it is desirable to consider as 0.15% or less with 
weight percent. When there are more amounts of C than 0.15%, some rare earth 
elements form carbide, effective rare earth elements decrease magnetically, and 
coercive force iHc declines. As for the amount of C, considering as 0.12% or less 
is more desirable, and considering as 0.10% or less is still more desirable. On 
the other hand, the level of the amount of C of the ingot produced by the 
dissolution is a maximum of 0.008%, it is difficult to make the amount of C of the 
last sintered compact below into this value, and, as for the amount of C of a 
sintered compact, considering as 0.01 - 0.15% is desirable. As for the amount of 
N, it is desirable to consider as 0.002 - 0.04% with weight percent. If the amount 
of N exceeds 0.04%, some rare earth elements will form a nitride, effective rare 
earth elements will decrease magnetically, and coercive force iHc will decline. 
Moreover, since it is accompanied by some nitriding in process of pulverizing, it 
is difficult to make the amount of N of the last sintered compact into less than 
0.002%. Therefore, as for the amount of N, considering as 0.002 - 0.04% is 
desirable. 

[0019] If take and it is in the R-Fe-B system sintering mold permanent magnet of 
this invention, a part of Fe can be permuted by one kind or two kinds or more in 
Nb, aluminum, Co, Ga, and Cu, and the reason of limitation of the amount of 
permutations of each element (weight percent [ here as opposed to the total 
presentation of the permanent magnet after a permutation ]) is explained below. 
The amount of permutations of Nb is made into 0.1 - 2.0%. By addition of Nb, the 
way ghost of Nb generates in a sintering process, and this controls abnormality 
grain growth of crystal grain. When there are few amounts of permutations of Nb 
than 0.1%, the depressor effect of abnormality grain growth of crystal grain 



becomes less enough. On the other hand, if the amount of permutations of Nb 
exceeds 2.0%, since the amount of generation of the way ghost of Nb increases, 
a residual magnetic flux density Br will fall. The amount of permutations of 
aluminum is made into 0.02 - 2.0%. Addition of aluminum has the effectiveness 
which heightens coercive force iHc. When there are few amounts of permutations 
of aluminum than 0.02%, there is little improvement effectiveness of coercive 
force. If the amount of permutations exceeds 2.0%, a residual magnetic flux 
density Br will fall rapidly. The amount of permutations of Co is made into 0.3 - 
5.0%. Addition of Co brings about the improvement in a curie point, i.e., an 
improvement of the temperature coefficient of saturation magnetization. When 
there are few amounts of permutations of Co than 0.3%, the improvement effect 
of a temperature coefficient is small. If the amount of permutations of Co exceeds 
5.0%, both a residual magnetic flux density Br and the coercive force iHc will 
decline rapidly. The amount of permutations of Ga is made into 0.01 - 0.5%. 
Although minute amount addition of Ga brings about improvement in coercive 
force iHc, the addition effectiveness is small when there are few amounts of 
permutations than 0.01%. On the other hand, if the amount of permutations of Ga 
exceeds 0.5%, while the fall of a residual magnetic flux density Br becomes 
remarkable, coercive force iHc will also decline. The amount of permutations of 
Cu is made into 0.01 - 1.0%. Although minute amount addition of Cu brings about 
improvement in coercive force iHc, if the amount of permutations exceeds 1 .0%, 
the addition effectiveness will be saturated. When there are few additions than 
0.01%, the improvement effectiveness of coercive force iHc is small. 
[0020] 

[The mode of implementation of invention] Hereafter, although this invention is 
concretely explained with an example, the contents of this invention are not 
limited to this. 

(Example 1) The thin band-like alloy which has the presentation of Nd 23.5%, Pr 
7.0%, Dy 1.5%, B 1.05%, aluminum 0.10%, O 0.03%, CO.005%, N 0.004%, and 
Remainder Fe with weight percent and whose thickness is 0.2-0. 5mm was 



produced by the strip cast method. This thin band-like alloy was heated at 1000 
degrees C in Ar gas ambient atmosphere for 2 hours. Next, a hydrogen furnace 
is used, in ordinary temperature, in the hydrogen gas ambient atmosphere, 
hydrogen absorption of this thin band-like alloy was carried out, and it carried out 
spontaneous disintegration. Subsequently, the thin band-like alloy was heated to 
550 degrees C, carrying out evacuation of the inside of a furnace, it held at the 
temperature for 1 hour, and dehydrogenation treatment was performed. The 
collapsed alloy was mechanically crushed in nitrogen-gas-atmosphere mind, and 
it considered as the raw material coarse powder of 32 or less meshes. When the 
presentation of this raw material coarse powder was analyzed, the analysis value 
of Nd 23.5%, Pr 7.0%, Dy 1.5%, B 1.05%, aluminum 0.10%, O 0.14%, C 0.02%, 
N 0.007%, and Remainder Fe was acquired. After inserting in 50kg of this raw 
material coarse powder in a jet mill, N2 gas permuted the interior of a jet mill, and 
the oxygen density in N2 gas was made into 0.100vol(s)% with the oxygen 
analyzer value. Subsequently, it ground on condition that amount-of-supply 10 
kg/Hr of 7.0kg/cm2 of grinding pressure force, and raw material coarse powder. 
The average grain size of fines was 4.3 micrometers. These fines were 
fabricated with the moulding pressure of 0.8 ton/cm2, impressing the orientation 
field of 12kOe(s) within a metal mold cavity. The impression direction of an 
orientation field is perpendicular to the shaping direction. The temperature up of 
the Plastic solid was carried out to 1 100 degrees C with 15-degree-C 
programming rate for /under the conditions of 4.0x1 0-4torr, and at the 
temperature, it was held for 2 hours and sintered. When the presentation of a 
sintered compact was analyzed, the analysis value of Nd 23.5%, Pr 7.0%, Dy 
1.5%, B 1.05%, aluminumO.10%, O 0.55%, C 0.07%, N 0.012%, and Remainder 
Fe was acquired. As for the sum of the area of the main phase crystal grain 10 
micrometers or less, the diameter of crystal grain to the gross area of the magnet 
main phase crystal of this sintered compact was [ the diameter of crystal grain of 
the sum of the area of the main phase crystal grain 13 micrometers or more ] 3% 
94%. Heat treatment of 900 degree-Cx 2 hours, and 550 degree-Cx 1 hour was 



performed to this sintered compact once each in Ar gas ambient atmosphere. 
When the magnetic properties after machining were measured, the good value 
as shown in Table 2 was acquired. In order to evaluate the corrosion resistance 
of this permanent magnet, the magnet processing-back was performed to the 
10mmx10mmx2mm fixed dimension, and 10-micrometer nickel plating was 
performed to that front face. Subsequently, this sample was left on two 
atmospheric pressures, 120 degrees C, and the conditions of 100% of humidity, 
and HAKURI extent of nickel plating to the passage of time was investigated. As 
shown in Table 2, even if 2000 hours passed, abnormalities were not accepted in 
nickel plating, but good corrosion resistance was shown. 
[0021] (Example 2) The thin band-like alloy which has the presentation of Nd 
19.5%, Pr 6.5%, Dy 5.5%, B 1.0%, Nb 0.5%, aluminum 0.2%, Co 2.0%, Ga 0.1%, 

0 0.02%, C 0.005%, N 0.003%, and Remainder Fe with weight percent and 
whose thickness is 0.2-0.4mm was produced by the strip cast method. This thin 
band-like alloy was heated at 1 100 degrees C in Ar gas ambient atmosphere for 

1 hour. Next, a hydrogen furnace is used, in ordinary temperature, in the 
hydrogen gas ambient atmosphere, hydrogen absorption of this thin band-like 
alloy was carried out, and it carried out spontaneous disintegration. Subsequently, 
the thin band-like alloy was heated to 550 degrees C, carrying out evacuation of 
the inside of a furnace, it held at the temperature for 1 hour, and 
dehydrogenation treatment was performed. The collapsed alloy was 
mechanically crushed in nitrogen-gas-atmosphere mind, and it considered as the 
raw material coarse powder of 32 or less meshes. When the presentation of this 
raw material coarse powder was analyzed, the analysis value of Nd 19.5%, Pr 
6.5%, Dy 5.5%, B 1.0%, Nb 0.5%, aluminum 0.2%, Co 2.0%, Ga 0.10%, O 
0.12%, C 0.02%, N 0.007%, and Remainder Fe was acquired. After inserting in 
50kg of this raw material coarse powder in a jet mill, N2 gas permuted the interior 
of a jet mill, and the oxygen density in N2 gas was made into 0.15% with the 
oxygen analyzer value. Subsequently, it ground on condition that amount-of- 
supply 12 kg/Hr of 8.0kg/cm2 of grinding pressure force, and raw material coarse 



powder. The average grain size of fines was 4.6 micrometers. These fines were 
fabricated with the moulding pressure of 1.5 ton/cm2, impressing the orientation 
field of 8kOe(s) within a metal mold cavity. The impression direction of an 
orientation field is perpendicular to the shaping direction. The temperature up of 
the Plastic solid was carried out to 1080 degrees C with 15-degree-C 
programming rate for /under the conditions of 5.0x1 0-4torr, and at the 
temperature, it was held for 3 hours and sintered. When the presentation of a 
sintered compact was analyzed, the analysis value of Nd 19.5%, Pr 6.5%, Dy 
5.5%, B 1.0%, Nb 0.5%, aluminum 0.2%, Co 2.0%, Ga 0.10%, O 0.48%, C 
0.06%, N 0.008%, and Remainder Fe was acquired. As for the sum of the area of 
the main phase crystal grain 10 micrometers or less, the diameter of crystal grain 
to the gross area of the magnet main phase crystal of this sintered compact was 
[ the diameter of crystal grain of the sum of the area of the main phase crystal 
grain 13 micrometers or more ] 6% 90%. Heat treatment of 900 degree-Cx 2 
hours, and 600 degree-Cx 1 hour was performed to this sintered compact once 
each in Ar gas ambient atmosphere. When the magnetic properties after 
machining were measured, the good value as shown in Table 2 was acquired. In 
order to evaluate the corrosion resistance of this permanent magnet, the magnet 
processing-back was performed to the 10mmx10mmx2mm fixed dimension, and 
10-micrometer nickel plating was performed to that front face. Subsequently, this 
sample was left on two atmospheric pressures, 120 degrees C, and the 
conditions of 100% of humidity, and HAKURI extent of nickel plating to the 
passage of time was investigated. As shown in Table 2, even if 2000 hours 
passed, abnormalities were not accepted in nickel plating, but good corrosion 
resistance was shown. Moreover, the metal texture photograph of the obtained 
permanent magnet is shown in drawing 4 . It compares with the metal texture 
photograph of drawing 5 , and it turns out that an organization is detailed and 
uniform. 

[0022] (Example 3) The thin band-like alloy which has the presentation of Nd 
25.8%, Pr 5.5%, Dy 1.2%, B 1.05%, aluminum 0.08%, Co 2.0%, GaO.09%, Cu 



0.1%, O 0.03%, C 0.005%, N 0.005%, and Remainder Fe with weight percent 
and whose thickness is 0.1 -0.5mm was produced by the strip cast method. This 
thin band-like alloy was heated at 900 degrees C in Ar gas ambient atmosphere 
for 2 hours. Next, a hydrogen furnace is used, in ordinary temperature, in the 
hydrogen gas ambient atmosphere, hydrogen absorption of this thin band-like 
alloy was carried out, and it carried out spontaneous disintegration. Subsequently, 
the thin band-like alloy was heated to 550 degrees C, carrying out evacuation of 
the inside of a furnace, it held at the temperature for 1 hour, and 
dehydrogenation treatment was performed. The collapsed alloy was 
mechanically crushed in nitrogen-gas-atmosphere mind, and it considered as the 
raw material coarse powder of 32 or less meshes. When the presentation of this 
raw material coarse powder was analyzed, the analysis value of Nd 25.8%, Pr 
5.5%, Dy 1.2%, B 1.05%, aluminum 0.08%, Ga 0.09%, Cu 0.1%, O 0.14%, C 
0.03%, N 0.009%, and Remainder Fe was acquired. After inserting in 50kg of this 
raw material coarse powder in a jet mill, Ar gas permuted the interior of a jet mill, 
and the oxygen density in Ar gas was made into 0.050vol(s)% with the oxygen 
analyzer value. Subsequently, it ground on condition that amount-of-supply 9 
kg/Hr of 7.5kg/cm2 of grinding pressure force, and raw material coarse powder. 
The average grain size of fines was 4.7 micrometers. The wet compaction of this 
raw material slurry was carried out with the moulding pressure of 0.6 ton/cm2, 
impressing the orientation field of 8kOe(s) within a metal mold cavity. The 
impression direction of an orientation field is perpendicular to the shaping 
direction. The temperature up of the Plastic solid was carried out to 1100 
degrees C with 15-degree-C programming rate for /under the conditions of 
4.0x1 0-4torr, and at the temperature, it was held for 2 hours and sintered. When 
the presentation of a sintered compact was analyzed, the analysis value of Nd 
25.8%, Pr 5.5%, Dy 1.2%, B 1.05%, aluminumO.08%, Ga 0.09%, Cu 0.1%, O 
0.35%, C 0.07%, N 0.025%, and Remainder Fe was acquired. As for the sum of 
the area of the main phase crystal grain 10 micrometers or less, the diameter of 
crystal grain to the gross area of the magnet main phase crystal of this sintered 



compact was [ the diameter of crystal grain of the sum of the area of the main 
phase crystal grain 13 micrometers or more ] 7% 88%. Heat treatment of 900 
degree-Cx 2 hours, and 580 degree-Cx 1 hour was performed to this sintered 
compact once each in Ar gas ambient atmosphere. When the magnetic 
properties after machining were measured, the good value as shown in Table 2 
was acquired. In order to evaluate the corrosion resistance of this permanent 
magnet, the magnet processing-back was performed to the 10mmx10mmx2mm 
fixed dimension, and 10-micrometer nickel plating was performed to that front 
face. Subsequently, this sample was left on two atmospheric pressures, 120 
degrees C, and the conditions of 100% of humidity, and HAKURI extent of nickel 
plating to the passage of time was investigated. As shown in Table 2, even if 
2000 hours passed, abnormalities were not accepted in nickel plating, but good 
corrosion resistance was shown. 

[0023] (Example 1 of a comparison) It puts into a direct hydrogen furnace, 
without performing heat treatment, and in ordinary temperature, in the hydrogen 
gas ambient atmosphere, hydrogen absorption of the thin band-like alloy 
produced in the example 1 was carried out, and it carried out spontaneous 
disintegration. Then, dehydrogenation treatment and mechanical crushing were 
performed on the same conditions as an example 1 , and it considered as the raw 
material coarse powder of 32 or less meshes. When the presentation of this raw 
material coarse powder was analyzed, the analysis value of Nd 23.5%, Pr 7.0%, 
Dy1.5%, B 1.05%, aluminum 0.10%, O 0.11%, C 0.02%, N 0.006%, and 
Remainder Fe was acquired with weight percent. This raw material coarse 
powder was pulverized on the same conditions as an example 1 . The average 
grain size of the obtained fines was coarse compared with 4.6 micrometers and 
the case of an example 1 . The process of henceforth, such as shaping, sintering, 
heat treatment, and corrosion-resistant evaluation, was also performed on the 
same conditions as an example 1 . When the presentation of a sintered compact 
was analyzed, the analysis value of Nd 23.5%, Pr 7.0%, Dy 1.5%, B 1.05%, 
aluminum 0.10%, O 0.51%, C 0.06%, N 0.015%, and Remainder Fe was 



acquired. As for the sum of the area of the main phase crystal grain 10 
micrometers or less, the diameter of crystal grain to the gross area of the magnet 
main phase crystal of this sintered compact was [ the diameter of crystal grain of 
the sum of the area of the main phase crystal grain 13 micrometers or more ] 
14% 77%. When the magnetic properties of this permanent magnet were 
evaluated, as shown in Table 2, compared with the value of an example 1, it was 
a value with Br and iHc low a little. Moreover, although, as for the corrosion 
resistance of this permanent magnet, it turned out that abnormalities are not 
accepted in nickel plating but it is in the level which is practically completely 
satisfactory even if 1000 hours passed, as shown in Table 2, few breaks away of 
nickel plating by the 1500 passage of time occurred, and it became clear that it 
was inferior to corrosion resistance in the comparison with the sintered compact 
manufactured in the example 1 . 

[0024] (Example 2 of a comparison) The R-Fe-B system alloy ingot which has the 
same presentation as an example 2 was produced. The component-analysis 
values of this alloy were Nd 19.5%, Pr 6.5%, Dy 5.5%, B 1.0%, Nb 0.5%, 
aluminum 0.2%, Co 2.0%, Ga 0.1%, O 0.01%, C 0.004%, N 0.002%, and 
Remainder Fe at the rate of percent by weight. Since the deposit of alpha-Fe was 
accepted during the organization of an alloy, in order to eliminate this, liquid-ized 
processing of 1 100 degree-Cx 6 hours was performed to the alloy ingot in the 
argon gas ambient atmosphere. Next, an alloy ingot is put in all over a hydrogen 
furnace, in ordinary temperature, hydrogen absorption was carried out and 
spontaneous disintegration was carried out. Mechanical crushing of the alloy 
after spontaneous disintegration was carried out with dehydrogenation treatment 
on the same conditions as an example 2, and it was used as the raw material 
coarse powder of 32 or less meshes. When the presentation of this raw material 
coarse powder was analyzed, the analysis value of Nd 19.5%, Pr 6.5%, Dy5.5%, 
B 1.0%, Nb 0.5%, aluminum 0.2%, Co 2.0%, Ga 0.1%, O 0.09%, C 0.02%, N 
0.006%, and Remainder Fe was acquired with weight percent. This raw material 
coarse powder was pulverized on the same conditions as an example 2. The 



average grain size of the obtained fines was coarse compared with 5.1 
micrometers and the case of an example 1. The process of henceforth, such as 
shaping, sintering, heat treatment, and corrosion-resistant evaluation, was also 
performed on the same conditions as an example 2. When the presentation of a 
sintered compact was analyzed, the analysis value of Nd 19.5%, Pr 6.5%, Dy 
5.5%, B 1.0%, Nb 0.5%, aluminum 0.2%, Co 2.0%, Ga 0.10%, O 0.42%, C 
0.06%, N 0.007%, and Remainder Fe was acquired. As for the sum of the area of 
the main phase crystal grain 10 micrometers or less, the diameter of crystal grain 
to the gross area of the magnet main phase crystal of this sintered compact was 
[ the diameter of crystal grain of the sum of the area of the main phase crystal 
grain 13 micrometers or more ] 19% 65%. A metal texture photograph is shown 
in drawing 5 R> 5. When the magnetic properties of this permanent magnet were 
evaluated, as shown in Table 2, it was a good value almost equivalent to the 
value of an example 2. Moreover, although, as for the corrosion resistance of this 
permanent magnet, it turned out that abnormalities are not accepted in nickel 
plating but it is in the level which is practically completely satisfactory even if 700 
hours passed, as shown in Table 2, few breaks away occurred in a part of nickel 
plating by the 1000 passage of time, and it became clear that it was inferior to 
corrosion resistance in the comparison with the permanent magnet manufactured 
in the example 2. 
[0025] 
[Table 2] 
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[Effect of the Invention] The R-Fe-B system sintering mold permanent magnet 
which has the corrosion resistance which was excellent with this invention, 
without reducing magnetic properties is obtained. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The diameter of crystal grain to the gross area of the magnet main 
phase crystal is drawing having shown the relation of a between [ transient ] until 
HAKURI initiation of nickel plating of the diameter [ comparatively as opposed to 
the gross area of the magnet main phase crystal ] of crystal grain of the sum of 
the area of the main phase crystal grain 1 0 micrometers or less by the 
accelerated test of comparatively corrosion-resistant of the sum of the area of 
crystal grain with a main phase of 13 micrometers or more arises. 
[Drawing 2] It is the metal texture photograph of the cross section of the thin 
band-like alloy produced by the strip cast method. 

[Drawing 3] It is the metal texture photograph of the cross section after heat- 
treating the thin band-like alloy produced by the strip cast method at 1000 
degrees C. 

[Drawing 4] The diameter of crystal grain to the gross area of the magnet main 
phase is the metal texture photograph of the sintering mold permanent magnet 
whose sum of the area of the main phase crystal grain 13 micrometers or more 
90% and the diameter of crystal grain is 6% for the sum of the area of the main 
phase crystal grain 10 micrometers or less. 

[Drawing 5] For the sum of the area of the main phase crystal grain 10 
micrometers or less, the diameter of crystal grain is [ the diameter of crystal grain 
to the gross area of the magnet main phase / the sum of the area of the main 
phase crystal grain 1 3 micrometers or more ] the metal texture photograph of 
19% of sintering mold permanent magnet 65%. 
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[Drawing 1] 
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[Drawing 2] 



[Drawing 4] 




[Drawing 3] 
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